Anticipating clinical resistance to target-directed agents : the BCR-ABL paradigm.
The deregulated tyrosine kinase activity of BCR-ABL is necessary and sufficient to induce chronic myelogenous leukemia (CML). This observation has paved the way for the development of small-molecule inhibitors specifically targeting the kinase activity of the BCR-ABL protein. Indeed, the amazing success of imatinib has revolutionized the whole area of targeted cancer therapeutics. However, enthusiasm for the striking efficacy of imatinib has been tempered by the development of clinical resistance. In essentially all cases, resistance results from kinase domain mutations and/or overexpression of the BCR-ABL gene. To overcome resistance, several novel BCR-ABL inhibitors have been developed and are in clinical trials, though it is inevitable that resistance to second-generation inhibitors will occur as well. Nonetheless, kinases represent an attractive target for therapeutic intervention in several diseases and, at present, some 50 different kinase inhibitors are in clinical trials. We anticipate that resistance to these compounds will follow mechanisms similar to those observed with imatinib. Resistance mutations cause their effect either by direct steric hindrance to drug binding or by allosterically modulating kinase dynamics. This review highlights the principal mechanisms underlying point mutations from these two different classes to confer drug resistance.